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FIG. 2

SL1 SL2 SL3

Speed L A2l B o Toa o2 pe[ W R

First reverse speed ° (o) |(®) °

Second reverse speed | ® (o) |(o) °

Reverse starting (o) |(® °
Neutral (@) |[(®) (o)
Forward starting (o) (o)
First forward speed ° (o) (o)
Second forward speed | ® (o) (o)
Third forward speed ) (o) o| (o
Fourth forward speed ° o|(o) (o)
Fifth forward speed | ® o (o) (o)

Sixth forward speed ) (o)) (@) |o
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1
POWER TRANSMISSION APPARATUS FOR
VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0168484 filed on
Dec. 31, 2013, the entire contents of which is incorporated
herein for all purposes by this reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a power transmission appa-
ratus for a vehicle. More particularly, the present invention
relates to a power transmission apparatus for a vehicle that
may achieve smooth starting and shifting and may improve
fuel economy and acceleration performance as a consequence
of'adding a plurality of power sources and a torque converting
device to a double clutch power transmitting apparatus.

2. Description of Related Art

Environmentally-friendly technique of vehicles is very
important technique on which survival of future motor indus-
try is dependent. Vehicle makers are focusing on development
of environmentally-friendly vehicles so as to meet environ-
ment and fuel consumption regulations.

Some examples of future vehicle technique are an electric
vehicle (EV) and a hybrid electric vehicle (HEV) that use
electrical energy, and double clutch transmission (DCT) that
improves efficiency and convenience.

In addition, the vehicle makers promote improvement of
efficiency in a power delivery system so as to meet exhaust
regulation of countries and improve fuel consumption perfor-
mance. In order to improve efficiency of the power delivery
system, the vehicle makers are trying to put an idle stop and
go (ISG) system and a regenerative braking system to prac-
tical use.

The ISG system stops an engine when a vehicle stops and
restarts the engine when the vehicle begins to run. The regen-
erative braking system operates a generator using kinetic
energy of the vehicle instead of braking the vehicle by friction
when the vehicle brakes, stores electrical energy generated at
this time in a battery, and reuses the electrical energy when the
vehicle runs.

In addition, the hybrid electric vehicle is a vehicle using
more than two power sources, and more than two power
sources are combined in various ways. Typically, the hybrid
electric vehicle uses a gasoline engine or a diesel engine
driven by fossil fuel and a motor/generator driven by electri-
cal energy.

In addition, one example of a transmission applied to the
hybrid electric vehicle is the DCT. According to the DCT, two
clutches are applied to a manual transmission layout. There-
fore, efficiency and convenience may be improved.

That is, the DCT achieves odd-numbered-speeds and even-
numbered-speeds alternately by using two clutches. A
mechanism achieving the odd-numbered-speeds and the
even-numbered-speeds alternately improves shift feel so asto
solve problems of a conventional manual transmission (MT)
and an automated manual transmission (AMT).

However, the DCT has such problems that clutch damage
and energy loss due to clutch slip may occur when starting,
safety may not be secured since backward rolling due to
clutch slip occurs excessively in hill-start, shift shock may be
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2

strong compared with an automatic transmission since shift
time is controlled to be short due to thermal capacity of a
clutch.

The information disclosed in this Background of the Inven-
tion section is only for enhancement of understanding of the
general background of the invention and should not be taken
as an acknowledgement or any form of suggestion that this
information forms the prior art already known to a person
skilled in the art.

BRIEF SUMMARY

Various aspects of the present invention are directed to
providing a power transmission apparatus for a vehicle hav-
ing advantages of achieving smooth starting and shifting by
adding a plurality of power sources and a torque converting
device to a double clutch transmission, improving fuel
economy by enabling of regenerative braking, and improving
acceleration performance by using torque of a motor/genera-
tor when acceleration.

Another embodiment of the present invention provides a
power transmission apparatus for a vehicle having further
advantages of achieving six forward speeds and two reverse
speeds using five speed gears.

A power transmission apparatus for a vehicle according to
various exemplary embodiments of the present invention may
include: a torque converting device including a first rotation
element directly connected to one power source and selec-
tively fixed to a transmission housing, a second rotation ele-
ment directly connected to another power source and config-
ured to output torque of the another power source without
rotation speed change, and a third rotation element configured
to output the torque of the another power source with rotation
speed being changed; an input device including a first input
shaft directly connected to the third rotation element, selec-
tively connected to the second rotation element, and provided
with at least one input gear fixedly disposed on an exterior
circumference thereof, and a second input shaft disposed
without rotational interference with the first input shaft, selec-
tively connected to the second rotation element, and provided
with at least one input gear fixedly disposed on an exterior
circumference thereof; a first speed output unit configured to
convert toque input from the first input shaft or the second
input shaft and output the converted torque; and a second
speed output unit configured to convert torque input from the
first input shaft or the second input shaft and output the
converted torque.

The one power source may be a motor/generator and the
another power source may be an engine.

The motor/generator may include: a stator fixed to the
transmission housing; and a rotor rotatably disposed in the
stator, directly connected to the first rotation element, and
selectively connected to the transmission housing.

The power transmission apparatus may further include: a
first clutch disposed between the second rotation element and
the first input shaft; a second clutch disposed between the
second rotation element and the second input shaft; and a
brake disposed between the rotor and the transmission hous-
ing.

In one exemplary embodiment, a first input gear may be
fixedly disposed on the second input shaft, and second, third,
and fourth input gears may be fixedly disposed on the first
input shaft.

The torque converting device may be a double pinion plan-
etary gear set, wherein the first rotation element is a sun gear,
the second rotation element is a planet carrier, and the third
rotation element is a ring gear.
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The first speed output unit may include: a first output shaft
disposed in parallel with the first and second input shafts; a
first output gear fixedly disposed on the first output shaft and
outputting torque of the first output shaft; first, second, and
third speed gears rotatably disposed on the first output shaft;
afirst synchronizer selectively connecting the first speed gear
or the third speed gear to the first output shaft; and a second
synchronizer selectively connecting the second speed gear to
the first output shaft.

The first speed gear may be engaged with the second input
gear, the second speed gear may be engaged with the first
input gear, and the third speed gear may be engaged with the
fourth input gear.

The second speed output unit may include: a second output
shaft disposed in parallel with the first and second input
shafts; a second output gear fixedly disposed on the second
output shaft and outputting torque of the second output shaft;
a fourth speed gear and a reverse speed gear rotatably dis-
posed on the second output shaft; and a third synchronizer
selectively connecting the fourth speed gear or the reverse
speed gear to the second output shaft.

The power transmission apparatus may further include: a
reverse speed unit configured to achieve a reverse shift-speed
using the torque of the second output shaft.

The fourth speed gear may be engaged with the first input
gear and the reverse speed gear may be operably connected to
the third input gear through the reverse speed unit.

The reverse speed unit may include: an idle shatt disposed
in parallel with the second output shaft; a first idle gear fixedly
disposed on the idle shaft and engaged with the third input
gear; and a second idle gear fixedly disposed on the idle shaft
and engaged with the reverse speed gear.

In another exemplary embodiment, first, second, and third
input gears may be fixedly disposed on the first input shaft,
and a fourth input gear may be fixedly disposed on the second
input shaft.

The torque converting device may be a double pinion plan-
etary gear set, wherein the first rotation element is a planet
carrier, the second rotation element is a sun gear, and the third
rotation element is a ring gear.

The first speed output unit may include: a first output shaft
disposed in parallel with the first and second input shafts; a
first output gear fixedly disposed on the first output shaft and
outputting torque of the first output shaft; first, second, and
third speed gears rotatably disposed on the first output shaft;
afirst synchronizer selectively connecting the first speed gear
or the third speed gear to the first output shaft; and a second
synchronizer selectively connecting the second speed gear to
the first output shaft.

The first speed gear may be engaged with the third input
gear, the second speed gear may be engaged with the fourth
input gear, and the third speed gear may be engaged with the
first input gear.

The second speed output unit may include: a second output
shaft disposed in parallel with the first and second input
shafts; a second output gear fixedly disposed on the second
output shaft and outputting torque of the second output shaft;
a fourth speed gear and a reverse speed gear rotatably dis-
posed on the second output shaft; and a third synchronizer
selectively connecting the fourth speed gear or the reverse
speed gear to the second output shaft.

The power transmission apparatus may further include a
reverse speed unit configured to achieve a reverse shift-speed
using the torque of the second output shaft.

The fourth speed gear may be engaged with the fourth input
gear and the reverse speed gear may be operably connected to
the second input gear through the reverse speed unit.
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The reverse speed unit may include: an idle shaft disposed
in parallel with the second output shaft; a first idle gear fixedly
disposed on the idle shaft and engaged with the second input
gear; and a second idle gear fixedly disposed on the idle shaft
and engaged with the reverse speed gear.

In other exemplary embodiment, the torque converting
device may be a single pinion planetary gear set, wherein the
first rotation element is a sun gear, the second rotation ele-
ment is a ring gear, and the third rotation element is a planet
carrier.

In other exemplary embodiment, the torque converting
device may be a single pinion planetary gear set, wherein the
first rotation element is a ring gear, the second rotation ele-
ment is a sun gear, and the third rotation element is a planet
carrier.

The methods and apparatuses of the present invention have
other features and advantages which will be apparent from or
are set forth in more detail in the accompanying drawings,
which are incorporated herein, and the following Detailed
Description, which together serve to explain certain prin-
ciples of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a power transmission
apparatus for a vehicle according to the various exemplary
embodiments of the present invention.

FIG. 2 is an operational chart of a power transmission
apparatus for a vehicle according to the various exemplary
embodiments of the present invention.

FIG. 3 is a schematic diagram of a power transmission
apparatus for a vehicle according to the various exemplary
embodiments of the present invention.

FIG. 4 is a schematic diagram of a power transmission
apparatus for a vehicle according to the various exemplary
embodiments of the present invention.

FIG. 5 is a schematic diagram of a power transmission
apparatus for a vehicle according to the various exemplary
embodiments of the present invention.

It should be understood that the appended drawings are not
necessarily to scale, presenting a somewhat simplified repre-
sentation of various features illustrative of the basic prin-
ciples of the invention. The specific design features of the
present invention as disclosed herein, including, for example,
specific dimensions, orientations, locations, and shapes will
be determined in part by the particular intended application
and use environment.

In the figures, reference numbers refer to the same or
equivalent parts of the present invention throughout the sev-
eral figures of the drawing.

DETAILED DESCRIPTION

Reference will now be made in detail to various embodi-
ments of the present invention(s), examples of which are
illustrated in the accompanying drawings and described
below. While the invention(s) will be described in conjunc-
tion with exemplary embodiments, it will be understood that
the present description is not intended to limit the invention(s)
to those exemplary embodiments. On the contrary, the inven-
tion(s) is/are intended to cover not only the exemplary
embodiments, but also various alternatives, modifications,
equivalents and other embodiments, which may be included
within the spirit and scope of the invention as defined by the
appended claims.
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Exemplary embodiments of the present invention will
hereinafter be described in detail with reference to the accom-
panying drawings.

Description of components that are not necessary for
explaining the present exemplary embodiment will be omit-
ted, and the same constituent elements are denoted by the
same reference numerals in this specification.

In the detailed description, ordinal numbers are used for
distinguishing constituent elements having the same terms,
and have no specific meanings.

FIG. 1 is a schematic diagram of a power transmission
apparatus for a vehicle according to the first exemplary
embodiment of the present invention.

Referring to FIG. 1, a power transmission apparatus
according to a first exemplary embodiment of the present
invention includes an engine ENG and a motor/generator 2
that are power sources, a torque converting device, an input
device, first and second speed output units OUT1 and OUT?2,
and a reverse speed unit REOUT.

A typical internal combustion engine may be used as the
engine ENG and an output shaft OS of the engine ENG is
connected to any one rotation element of the torque convert-
ing device.

In addition, the motor/generator 2 includes a rotor 4 and a
stator 6 and is operated as a motor or a generator. The rotor 4
is connected to another rotation element of the torque con-
verting device and the stator 6 is fixed to a transmission
housing H.

The torque converting device is a planetary gear set PG,
and a double pinion planetary gear set having three rotation
elements is used as the torque converting device in the first
exemplary embodiment of the present invention.

The three rotation elements include a first rotation element
N1 being a sun gear S, a second rotation element N2 being a
planet carrier PC, and a third rotation element N3 being a ring
gear R.

The sun gear S being the first rotation element N1 is
directly connected to the rotor 4 so as to receive torque of the
rotor 4 or to transmit torque to the rotor 4.

In addition, the sun gear S being the first rotation element
N1 as well as the rotor 4 is selectively connected to the
transmission housing H through a brake B so as to be operated
as a selective fixed element.

The planet carrier PC being the second rotation element N2
is directly connected to the output shaft OS of the engine ENG
that is the power source so as to be operated as an input
element and to transmit the torque of the engine ENG to the
input device without rotation speed change.

The ring gear R being the third rotation element N3 is
operated as an output element transmitting torque to the input
device.

The input device includes a first input shaft 8 and a second
input shaft 10.

One end portion of the first input shaft 8 is selectively
connected to the second rotation element N2 directly con-
nected to the engine ENG and is directly connected to the
third rotation element N3.

The second input shaft 10 is a hollow shaft and is disposed
at a radial exterior of the first input shaft 8 without rotational
interference with the first input shaft 8. One end portion of the
second input shaft 10 is selectively connected to the second
rotation element N2 directly connected to the engine ENG.

Afirst input gear G1 is fixedly disposed on the second input
shaft 10, and second, third, and fourth input gears G2, G3, and
(G4 are fixedly disposed on the first input shaft 8.

The second, third, and fourth input gears G2, G3, and G4
are positioned on the other end portion of the first input shaft
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8 penetrating through the second input shaft 10 and are
sequentially disposed from one end to the other end.

The first, second, third, and fourth input gears G1, G2, G3,
and G4 are input gears operating at each speed.

In addition, the input device is selectively connected to the
torque converting device through the first clutch CL1 and the
second clutch CL2.

The first clutch CL1 is disposed between the first input
shaft 8 and the second rotation element N2 so as to direct-
couple the planetary gear set PG that is the torque converting
device and to transmit rotation speed of the engine ENG to the
first input shaft 8.

The second clutch CL2 is disposed between the second
input shaft 10 and the second rotation element N2 so as to
transmit rotation speed of the second rotation element N2 to
the second input shaft 10.

The first and second clutches CL1 and CL.2 and the brake B
may be conventional multi-plate clutches of wet type and are
controlled by a hydraulic control system. The first and second
clutches CL1 and CL.2 and the brake B may be multi-plate
clutches of dry type.

The first and second speed output units OUT1 and OUT2
and the reverse speed unit REOUT configured to receive
torque from each input gear of the input device, convert the
torque, and out the converted torque are disposed in parallel
with and apart from the first and second input shafts 8 and 10.

The first speed output unit OUT1 includes a first output
shaft 12, first, second, and third speed gears D1, D2, and D3
rotatably disposed on the first output shaft 12, and first and
second synchronizers SL.1 and S[.2.

The first output shaft 12 is disposed in parallel with and
apart from the first and second input shafts 8 and 10.

The first speed gear D1 is engaged with the second input
gear G2, the second speed gear D2 is engaged with the first
input gear G1, and the third speed gear D3 is engaged with the
fourth input gear G4.

In addition, the first synchronizer SL1 is disposed on the
first output shaft 12 and selectively connects the first speed
gear D1 or the third speed gear D3 to the first output shaft 12.
The second synchronizer SI.2 selectively connects the second
speed gear D2 to the first output shaft 12.

In addition, the torque converted by the first speed output
unit OUT1 is transmitted to a differential apparatus through a
first output gear OG1 fixedly disposed on one end portion or
the other end portion of the first output shaft 12.

The second speed output unit OUT2 includes a second
output shaft 14, a fourth speed gear D4 and a reverse speed
gear RG rotatably disposed on the second output shaft 14, and
a third synchronizer SL.3.

The second output shaft 14 is disposed in parallel with and
apart from the first and second input shafts 8 and 10.

The fourth speed gear D4 is engaged with the first input
gear G1 and the reverse speed gear RG is operably connected
to the reverse speed unit REOUT.

In addition, the third synchronizer SL.3 is disposed on the
second output shaft 14 and selectively connects the fourth
speed gear D4 or the reverse speed gear RG to the second
output shaft 14.

In addition, the torque converted through the second speed
output unit OUT2 is transmitted to the differential apparatus
through a second output gear OG2 fixedly disposed on one
end portion or the other end portion of the second output shaft
14.

The reverse speed unit REOUT includes an idle shaft 16, a
first idle gear 18 having a large diameter, and a second idle
gear 20 having a small diameter.
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The idle shaft 16 is disposed in parallel with the second
output shaft 14, the first idle gear 18 is engaged with the third
input gear G3, and the second idle gear 20 is engaged with the
reverse speed gear RG.

Therefore, torque of the first input shaft 8 is transmitted
from the third input gear G3 to the reverse speed gear RG as
inverse rotation speed through the first idle gear 18 of the
large diameter and the second idle gear 20 of the small diam-
eter, and the inverse rotation speed is transmitted to the dif-
ferential apparatus through the second output gear OG2 fix-
edly disposed on the one end portion or the other end portion
of the second output shaft 14 at reverse speed shift-speed.

Since the first, second, and third synchronizers SL.1, SL.2,
and SL3 are well known to a person of an ordinary skill in the
art, detailed description thereof will be omitted. In addition,
first, second, and third sleeves SLE1, SLE2, and SLE3
applied respectively to the first, second, and third synchro-
nizers SL.1, SL.2, and SL3, as well known to a person of an
ordinary skill in the art, are operated by additional actuators
and the actuators are controlled by a transmission control
unit.

FIG. 2 is an operational chart of a power transmission
apparatus for a vehicle according to the first exemplary
embodiment of the present invention.

Referring to FIG. 2, the first clutch CL1 is operated at a
second reverse speed, a second forward speed, and a fifth
forward speed, the second clutch CL.2 is operated at a third
forward speed and a sixth forward speed, and the brake B is
operated at a first reverse speed, a first forward speed, and a
fourth forward speed.

[Neutral State]

At a neutral state, the first and second clutches CL1 and
CL2 and the brake B are not operated and the sleeves SLE1,
SLE2, and SLE3 of the first to the third synchronizers SI.1,
SL.2, and SL.3 are positioned at neutral positions.

Atthe neutral state, reverse starting is possible by operably
connecting the second output shaft 14 with the reverse speed
gear RG, and forward starting is possible by operably con-
necting the first output shaft 12 with the first speed gear D1.

In addition, a battery can be charged at the neutral N state.
In this case, the first clutch CL1 is operated and the planetary
gear set PG becomes a direct-coupling state. Therefore, the
torque of the engine ENG is transmitted to the rotor 4 and the
motor/generator 2 generates electric energy.

[First Reverse Speed]

If'the second output shaft 14 and the reverse speed gear RG
are operably connected through the sleeve SLE3 of the third
synchronizer SL.3 atthe neutral N state, the reverse starting by
the torque of the engine ENG is possible. If the brake B is
operated at this state, a reduced rotation speed is transmitted
to the first input shaft 8.

[Second Reverse Speed]

The second output shaft 14 and the reverse speed gear RG
are operably connected through the sleeve SLE3 of the third
synchronizer SL3 at the neutral N state. After that, if the first
clutch CL1 is operated, a rotation speed of the engine ENG is
transmitted to the first input shaft 8.

[First Forward Speed]

If the first output shaft 12 and the first speed gear D1 are
operably connected through the sleeve SLE1 of the first syn-
chronizer SLL1 at the neutral N state, the forward starting by
the torque of the engine ENG is possible. If the brake B is
operated at this state, the reduced rotation speed is transmitted
to the first input shaft 8.

[Second Forward Speed]

The brake B that was operated at the first forward speed is
released and the first clutch CL1 is operated at the second
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forward speed. In this case, the rotation speed of the engine
ENG is transmitted to the first input shaft 8.

At this time, the first output shaft 12 and the second speed
gear D2 may be operably connected through the sleeve SLE2
of the second synchronizer SL.2 for a next shift to the third
forward speed.

[Third Forward Speed]

Ifthe first output shaft 12 and the second speed gear D2 are
operably connected through the sleeve SLE2 of the second
synchronizer SL.2, the first clutch CL1 is released, and the
second clutch CL2 is operated at the second forward speed,
the third forward speed is achieved.

At this time, the sleeve SLE1 of the first synchronizer SL.1
is moved to the neutral position. On the contrary, the first
output shaft 12 and the third speed gear D3 may be operably
connected through the sleeve SLE1 of the first synchronizer
SL1 for a next shift to the fourth forward speed.

[Fourth Forward Speed]

If the first output shaft 12 and the third speed gear D3 are
operably connected through the sleeve SLE1 of the first syn-
chronizer SLL1, the second clutch CL2 is released, and the
brake B is operated at the third forward speed, the reduced
rotation speed is transmitted to the first input shaft 8 and the
fourth forward speed is achieved.

[Fifth Forward Speed]

If the brake B is released and the first clutch CL1 is oper-
ated at the fourth forward speed, the rotation speed of the
engine ENG is transmitted to the first input shaft 8 and the
fifth forward speed is achieved.

At this time, the sleeve SLE2 of the second synchronizer
SL.2 is moved to the neutral position. In addition, the second
output shaft 14 and the fourth speed gear D4 may be operably
connected through the sleeve SLE3 of the third synchronizer
SL3 for a next shift to the sixth forward speed.

[Sixth Forward Speed]

If the second output shaft 14 and the fourth speed gear D4
are operably connected through the sleeve SLE3 of the third
synchronizer SL.3, the first clutch CL1 is released, and the
second clutch CL.2 is operated at the fifth forward speed, the
sixth forward speed is achieved.

Meanwhile, if the motor/generator 2 is operated in a state
that the brake B is released, the torque of the motor/generator
2 and the torque of the engine ENG are added at the torque
converting device and the added torque is output to the input
device.

In addition, if the vehicle runs at forward shift-speed or
reverse shift-speed, the regenerative braking is possible
through the motor/generator 2.

According to the first exemplary embodiment of the
present invention, smooth shifting and starting may be pos-
sible by using the engine ENG and the planetary gear set PG
that is the torque converting device.

In addition, slip of the clutches may be minimized and
regenerative braking is performed at deceleration. Therefore,
fuel economy may be improved.

In addition, when the vehicle accelerates at the second
forward speed, the third forward speed, the fifth forward
speed, or the sixth forward speed, the torque of the motor/
generator 2 is used as auxiliary torque. Therefore, accelera-
tion performance may be improved.

Since the power transmission apparatus according to the
first exemplary embodiment of the present invention can
achieve six forward speeds and two reverse speeds using five
speed gears, the number of components, weight and length of
the transmission, and manufacturing cost may be reduced,
compared with a double clutch transmission achieving the
same number of shift-speeds.
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FIG. 3 is a schematic diagram of a power transmission
apparatus for a vehicle according to the second exemplary
embodiment of the present invention.

According to the second exemplary embodiment of the
present invention, the first, second, and third input gears G1,
(2, and G3 are sequentially disposed on the first input shaft 8
and the fourth input gear G4 is disposed on the second input
shaft 10.

In addition, the third, first, and second speed gears D3, D1,
and D2 are sequentially disposed on the first output shaft 12
and are engaged respectively with the first, third, and fourth
input gears G1, G3, and G4. The reverse speed gear and the
fourth speed gear RG and D4 are sequentially disposed on the
second output shaft 14, the fourth speed gear is engaged with
the fourth input gear G4, the reverse speed gear RG is
engaged with the second idle gear 20, and the first idle gear 18
is engaged with the second input gear G2.

In addition, the first rotation element N1 is the planet
carrier PC, the second rotation element N2 is the sun gear S,
and the third rotation element N3 is the ring gear R in the
planetary gear set PG.

At this time, the first clutch CL1 is disposed between the
sun gear S and the first input shaft 8 and the second clutch CL.2
is disposed between the sun gear S and the second input shaft
10.

Since functions of the second exemplary embodiment of
the present invention are the same as those of the first exem-
plary embodiment except arrangements of the input gears on
the first and second input shafts 8 and 10 and speed gears on
the first and second output shafts 12 and 14, connections
between the input gears and the speed gears, and constituent
elements of the planetary gear set PG including the first and
second rotation elements N1 and N2, detailed description
thereof will be omitted.

FIG. 4 is a schematic diagram of a power transmission
apparatus for a vehicle according to the third exemplary
embodiment of the present invention.

Referring to FIG. 4, the planetary gear set PG is a single
pinion planetary gear set in the third exemplary embodiment.

That is, the first rotation element is the sun gear S, the
second rotation element is the ring gear R, and the third
rotation element is the planet carrier PC in the third exem-
plary embodiment.

At this time, the first clutch CL1 is disposed between the
ring gear R and the first input shaft 8 and the second clutch
CL2 is disposed between the ring gear R and the second input
shaft 10.

Since functions of the third exemplary embodiment of the
present invention are the same as those of the second exem-
plary embodiment except constituent elements of the plan-
etary gear set PG including the first, second, and third rotation
elements N1, N2, and N3, detailed description thereof will be
omitted.

FIG. 5 is a schematic diagram of a power transmission
apparatus for a vehicle according to the fourth exemplary
embodiment of the present invention.

Referring to FIG. 5, the planetary gear set PG is a single
pinion planetary gear set in the fourth exemplary embodi-
ment. In addition, the first rotation element is the ring gear R,
the second rotation element is the sun gear S, and the third
rotation element is the planet carrier PC.

At this time, the first clutch CL1 is disposed between the
sun gear S and the first input shaft 8 and the second clutch CL.2
is disposed between the sun gear S and the second input shaft
10.

Since functions of the fourth exemplary embodiment of the
present invention are the same as those of the third exemplary
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embodiment except constituent elements of the planetary
gear set PG including the first, second, and third rotation
elements N1, N2, and N3, detailed description thereof will be
omitted.

According to the exemplary embodiments of the present
invention, smooth starting and shifting may be achieved by
outputting the torques of the engine and the motor/generator
through the planetary gear set.

In addition, slip of the clutches may be minimized and
regenerative braking is performed at deceleration. Therefore,
fuel economy may be improved.

Since the torque of the motor/generator is used as auxiliary
torque when the vehicle accelerates, acceleration perfor-
mance may be improved.

Since six forward speeds and two reverse speeds can be
achieved using five speed gears, the number of components,
weight and length of the transmission, and manufacturing
cost may be reduced, compared with a double clutch trans-
mission achieving the same number of shift-speeds.

For convenience in explanation and accurate definition in
the appended claims, the terms “upper”, “lower”, “inner” and
“outer” are used to describe features of the exemplary
embodiments with reference to the positions of such features
as displayed in the figures.

The foregoing descriptions of specific exemplary embodi-
ments of the present invention have been presented for pur-
poses of illustration and description. They are not intended to
be exhaustive or to limit the invention to the precise forms
disclosed, and obviously many modifications and variations
are possible in light of the above teachings. They are not
intended to be exhaustive or to limit the invention to the
precise forms disclosed, and obviously many modifications
and variations are possible in light of the above teachings as
well as various alternatives and modifications thereof. It is
intended that the scope of the invention be defined by the
Claims appended hereto and their equivalents.

What is claimed is:

1. A power transmission apparatus for a vehicle compris-

ing:

a torque converting device including:

a first rotation element directly connected to one power
source and selectively fixed to a transmission hous-
ing;

a second rotation element directly connected to another
power source; and

a third rotation element;

an input device including:

a first input shaft directly connected to the third rotation
element, selectively connected to the second rotation
element, and provided with at least one input gear
fixedly disposed on an exterior circumference
thereof, and

a second input shaft disposed without rotational inter-
ference with the first input shaft, selectively con-
nected to the second rotation element, and provided
with at least one input gear fixedly disposed on an
exterior circumference thereof;

a first speed output unit configured to convert torque input
from the first input shaft or the second input shaft and
output a converted torque; and

a second speed output unit configured to convert torque
input from the first input shaft or the second input shaft
and output a converted torque.

2. The power transmission apparatus of claim 1, wherein

the one power source is a motor/generator and the another
power source is an engine.
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3. The power transmission apparatus of claim 2, wherein
the motor/generator comprises:

a stator fixed to the transmission housing; and

a rotor rotatably disposed in the stator, directly connected

to the first rotation element, and selectively connected to
the transmission housing.

4. The power transmission apparatus of claim 3, further
comprising:

afirst clutch disposed between the second rotation element

and the first input shaft;

a second clutch disposed between the second rotation ele-

ment and the second input shaft; and

a brake disposed between the rotor and the transmission

housing.

5. The power transmission apparatus of claim 1,

wherein a first input gear is fixedly disposed on the second

input shaft, and

wherein second, third, and fourth input gears are fixedly

disposed on the first input shaft.

6. The power transmission apparatus of claim 5, wherein
the torque converting device is a double pinion planetary gear
set, wherein the first rotation element is a sun gear, the second
rotation element is a planet carrier, and the third rotation
element is a ring gear.

7. The power transmission apparatus of claim 5, wherein
the first speed output unit comprises:

a first output shaft disposed in parallel with the first and

second input shafts;

a first output gear fixedly disposed on the first output shaft

and outputting torque of the first output shaft;

first, second, and third speed gears rotatably disposed on

the first output shaft;

a first synchronizer selectively connecting the first speed

gear or the third speed gear to the first output shaft; and

a second synchronizer selectively connecting the second

speed gear to the first output shaft.

8. The power transmission apparatus of claim 7, wherein
the first speed gear is engaged with the second input gear, the
second speed gear is engaged with the first input gear, and the
third speed gear is engaged with the fourth input gear.

9. The power transmission apparatus of claim 7, wherein
the second speed output unit comprises:

a second output shaft disposed in parallel with the first and

second input shafts;

a second output gear fixedly disposed on the second output

shaft and outputting torque of the second output shaft;

a fourth speed gear and a reverse speed gear rotatably

disposed on the second output shaft; and

a third synchronizer selectively connecting the fourth

speed gear or the reverse speed gear to the second output
shaft.

10. The power transmission apparatus of claim 9, further
comprising a reverse speed unit configured to achieve a
reverse shift-speed using the torque of the second output
shaft,

wherein the fourth speed gear is engaged with the first input

gear and the reverse speed gear is operably connected to
the third input gear through the reverse speed unit.

11. The power transmission apparatus of claim 10, wherein
the reverse speed unit comprises:

an idle shaft disposed in parallel with the second output

shaft;

a first idle gear fixedly disposed on the idle shaft and

engaged with the third input gear; and

a second idle gear fixedly disposed on the idle shaft and

engaged with the reverse speed gear.
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12. The power transmission apparatus of claim 1,

wherein first, second, and third input gears are fixedly

disposed on the first input shaft, and

wherein a fourth input gear is fixedly disposed on the

second input shaft.

13. The power transmission apparatus of claim 12, wherein
the torque converting device is a double pinion planetary gear
set, wherein the first rotation element is a planet carrier, the
second rotation element is a sun gear, and the third rotation
element is a ring gear.

14. The power transmission apparatus of claim 12, wherein
the torque converting device is a single pinion planetary gear
set, wherein the first rotation element is a sun gear, the second
rotation element is a ring gear, and the third rotation element
is a planet carrier.

15. The power transmission apparatus of claim 12, wherein
the torque converting device is a single pinion planetary gear
set, wherein the first rotation element is a ring gear, the second
rotation element is a sun gear, and the third rotation element
is a planet carrier.

16. The power transmission apparatus of claim 12, wherein
the first speed output unit comprises:

a first output shaft disposed in parallel with the first and

second input shafts;

a first output gear fixedly disposed on the first output shaft

and outputting torque of the first output shaft;

first, second, and third speed gears rotatably disposed on

the first output shaft;

a first synchronizer selectively connecting the first speed

gear or the third speed gear to the first output shaft; and

a second synchronizer selectively connecting the second

speed gear to the first output shaft.

17. The power transmission apparatus of claim 16, wherein
the first speed gear is engaged with the third input gear, the
second speed gear is engaged with the fourth input gear, and
the third speed gear is engaged with the first input gear.

18. The power transmission apparatus of claim 16, wherein
the second speed output unit comprises:

a second output shaft disposed in parallel with the first and

second input shafts;

a second output gear fixedly disposed on the second output

shaft and outputting torque of the second output shaft;

a fourth speed gear and a reverse speed gear rotatably

disposed on the second output shaft; and

a third synchronizer selectively connecting the fourth

speed gear or the reverse speed gear to the second output
shaft.

19. The power transmission apparatus of claim 18, further
comprising a reverse speed unit configured to achieve a
reverse shift-speed using the torque of the second output
shaft,

wherein the fourth speed gear is engaged with the fourth

input gear and the reverse speed gear is operably con-
nected to the second input gear through the reverse speed
unit.

20. The power transmission apparatus of claim 19, wherein
the reverse speed unit comprises:

an idle shaft disposed in parallel with the second output

shaft;

a first idle gear fixedly disposed on the idle shaft and

engaged with the second input gear; and

a second idle gear fixedly disposed on the idle shaft and

engaged with the reverse speed gear.

#* #* #* #* #*



